Introduction
Nitric oxide (NO) is a multifunctional molecule secreted by many cell types that mediates diverse physiological processes, contributing to the regulation of vascular tone, platelet function, neurotransmission, host defense mechanisms, cytostasis, and cytotoxicity (1, 2) . These multiple functions of NO reflect its affinity for hemoproteins, the principal targets of NO. Thus, NO affects the activity of heme-containing enzymes. These include NO synthase (NOS) (3, 4) , enzymes of the mitochondrial electron transport system (2), cyclooxygenase (COX) (5, 6) , and the cytochrome P450-1A1 (CYP1A1), CYP2B1 (7, 8) , CYP3C (9) , and CYP4A (10, 11) families. Several potential mechanisms have been suggested to explain NO-induced inactivation of CYP, such as liberation of heme from CYP proteins (12) , inhibition of CYP protein synthesis (8) , NO reaction with superoxide to form peroxynitrite that effects nitration of critical amino acids (13) , and binding of NO to the heme moiety of CYP, forming nitrosyl-heme adducts, with subsequent oxidation of free thiols in CYP enzymes (14) . The coordinate operation of several of the above mechanisms (which vary with experimental conditions and the tissues under study) are thought to serve as the basis for the ability of NO to inhibit CYP enzymes such as ω-hydroxylase, which synthesizes 20-hydroxyeicosatetraenoic acid , the principal renal eicosanoid (15) .
Most of the studies examining NO-CYP interactions have been conducted in the liver (7, 9, 10, 11) . However, CYP is not limited to the liver -it is expressed at many sites. Indeed, the specific activity of renal CYP isoforms that metabolize arachidonic acid (AA) is greater than that of liver isoforms (16) . Considering the wide distribution and the remarkable activity of CYP enzymes in the kidney (17) , coupled with the fact that of all vascular beds NO has the most prominent influence on the renal vasculature (18) , the study of NO-CYP interactions in the kidney is important for understanding the regulation of renal hemodynamic and excretory mechanisms.
The CYP pathway of AA metabolism forms HETEs and eicosatrienoic acids, or epoxides (EETs), which exhibit a variety of biological effects, including mitogenicity, vasoactivity, and modulation of ion channel activity (17) . 20 -HETE has been reported to be an essential component of tubuloglomerular feedback (19) and renal autoregulation (20) , as well as a modulator of transport in the medullary thick ascending limb (21) and proximal tubules (22) . The production of 20-HETE is inhibited by NO (10) , indicating the importance of NO-CYP interactions to the control of renal function. To underscore the critical nature of NO-CYP interactions, marked perturbations of renal function were produced by inhibiting NOS and thereby eliminating the suppressant effects of NO on 20-HETE synthesis (23) . One or more epoxides Renal function is perturbed by inhibition of nitric oxide synthase (NOS). To probe the basis of this effect, we characterized the effects of nitric oxide (NO), a known suppressor of cytochrome P450 (CYP) enzymes, on metabolism of arachidonic acid (AA), the expression of ω-hydroxylase, and the efflux of 20-hydroxyeicosatetraenoic acid (20-HETE) from the isolated kidney. The capacity to convert [ 14 C]AA to HETEs and epoxides (EETs) was greater in cortical microsomes than in medullary microsomes. Sodium nitroprusside (10-100 µM), an NO donor, inhibited renal microsomal conversion of [ 14 C]AA to HETEs and EETs in a dose-dependent manner. 8-bromo cGMP (100 µM), the cell-permeable analogue of cGMP, did not affect conversion of [ 14 C]AA. Inhibition of NOS with N ω -nitro-L-arginine-methyl ester (L-NAME) significantly increased conversion of [ 14 C]AA to HETE and greatly increased the expression of ω-hydroxylase protein, but this treatment had only a modest effect on epoxygenase activity. L-NAME induced a 4-fold increase in renal efflux of 20-HETE, as did L-nitroarginine. Oral treatment with 2% sodium chloride (NaCl) for 7 days increased renal epoxygenase activity, both in the cortex and the medulla. In contrast, cortical ω-hydroxylase activity was reduced by treatment with 2% NaCl. Coadministration of L-NAME and 2% NaCl decreased conversion of [ 14 C]AA to HETEs without affecting epoxygenase activity. Thus, inhibition of NOS increased ω-hydroxylase activity, CYP4A expression, and renal efflux of 20-HETE, whereas 2% NaCl stimulated epoxygenase activity.
may function as endothelium-derived hyperpolarizing factors (24, 25) , mediating NO-independent effects of endothelium-dependent vasodilator agents (26) . Removal of the tonic inhibitory influence of NO can uncover the expression of an epoxide-dependent vascular mechanism (25, 26) . In view of the prominent and diverse renal actions of 20-HETE and the epoxides, it can be said that the interactions of NO and CYP have a major effect on renal vascular and excretory mechanisms.
This study was designed to characterize interactions of NO and CYP in terms of the effects of NO on conversion of AA to CYP-derived AA products in the rat kidney. We first verified that NO inhibited CYP activity with sodium nitroprusside, an NO donor. We then determined levels of CYPderived AA products formed by renal microsomes obtained from rats in which NO synthesis was inhibited (renal microsomes are associated with increased content of the CYP4A enzyme family that generates 20-HETE). Inhibition of NOS increased CYP-dependent conversion of AA by renal microsomes. We extended these findings to the intact kidney, and showed that inhibition of NOS increased efflux of 20-HETE from the isolated rat kidney. We also found that increased intake of sodium chloride (NaCl) selectively enhanced the activity of renal epoxygenases, thereby increasing conversion of AA to EETs and confirming the essential findings of the in vivo study of Makita et al. (27) . Animals. Adult male Sprague-Dawley (270 ± 5 g) or Wistar (∼400 g) rats were obtained from Charles River Laboratories Inc. (Wilmington, Massachusetts, USA). The animals were placed in a room with lighting that was adjusted to produce a normal day-night cycle (illuminated from 0800 to 2000 hours). They were maintained on a standard diet of Purina chow and were allowed ad libitum access to water and food before experiments.
Methods

Materials. Indomethacin was
Protocol. Sprague-Dawley rats were allocated randomly into groups (n = 5 per group) that received L-NAME (70 mg/kg orally for 10 days) in 250 mL tap water containing 16.2 mg (1 tablet) of sodium saccharin (CVS/pharmacy, Seattle, Washington, USA) Control rats received tap water containing sodium saccharin but not L-NAME. Systolic blood pressure of awake rats was measured by tail-cuff plethysmography using a Natsume KN-210 manometertachometer system (Peninsula Laboratories Inc., Belmont, California, USA). In some experiments, the effect of L-NAME on epoxygenase activity was evaluated. In this case, rats received 2% NaCl (wt/vol) ad libitum for 7 days according to the protocol reported by Makita et al. (27) , a regimen that produced a selective increase in epoxygenase activity. Another group of rats received 2% NaCl for 7 days and L-NAME as above. At the end of the treatment period, microsomes were prepared from the kidneys of the rats in each group; microsomes from each group were separated into 2 parts for evaluation of AA metabolism and for immunodetection of CYP4A protein.
Preparation of renal microsomes. Sprague-Dawley rats were anesthetized intraperitoneally with pentobarbital (65 mg/kg). The abdominal cavity was opened and the aorta was tied above the renal arteries. Ice-cold normal saline (0.9% NaCl) was flushed through the aorta into the kidneys. The kidneys were removed and separated into cortex and medulla. Each fraction was homogenized in 0.01 M Tris (hydroxymethyl) aminomethane containing 0.25 M sucrose (pH 7.4). Microsomes were prepared by standard differential centrifugation techniques. Protein concentration was determined by the Bradford method using a kit from Bio-Rad Laboratories Inc. (Hercules, California, USA), with BSA as the standard.
AA metabolism. Microsomal suspensions (0.3 mg protein) from cortex or medulla were incubated with [ 14 C]AA (0.2-0.4 µCi; 3 µM) and cold AA (7 µM) in the presence of NADPH (1 mM) and indomethacin (10 µM), in a total reaction volume of 1 mL for 30 minutes at 37°C. Data from cortex and medulla were pooled to give total renal microsomal conversion of [ 14 C]AA to CYP metabolites. These reactions were performed in microsomal suspensions from 4 groups of rats (n = 5 in each group): (a) untreated control rats; (b) rats that received 2% NaCl in drinking water for 7 days; (c) rats that received L-NAME (70 mg/kg) in drinking water for 10 days; and (d) rats that received L-NAME (70 mg/kg for 10 days) + 2% NaCl for 7 days.
Enzyme activity (represented as specific activity in Table 1 ) was calculated from percentage conversion of [ 14 C]AA in individual microsomal preparations relative to the mean total enzyme activity in each group of rats.
In other experiments, the effect of NO on AA metabolism was evaluated by adding sodium nitroprusside (10 µM, 30 µM, and 100 µM, final concentration) or 8BrcGMP (100 µM, final concentration) or vehicle (distilled water) to microsomal preparations from control rats (n = 5). Reaction mixtures were then incubated for 30 minutes. Different concentrations of sodium nitroprusside were added to aliquots of microsomal samples obtained from different rats.
In all cases, metabolites were extracted with acidified ethyl acetate (pH 3-4) and subjected to reverse-phase HPLC. The elution profile of the radioactive metabolites of AA was detected and counted using an on-line radioactive detector (Radiomatic Instruments and Chemical Co., Meriden, Connecticut, USA). The identity of each metabolite was confirmed by its comigration with authentic standards during HPLC or by gas chromatography/mass spectrometry (GC/MS).
Endogenous formation of 20-HETE in isolated perfused kidney. Rat kidneys were perfused according to a previously described procedure (28) . Rats were anesthetized intraperitoneally with 65 mg/kg pentobarbital, and the right kidney was exposed by midline laparotomy. The right renal artery was cannulated via the mesenteric artery to avoid interruption of blood flow, and then perfused with oxygenated (5% O 2 /5% CO 2 ) Krebs buffer (pH 7.4) at 37°C. The right kidney from Sprague-Dawley rats was removed and perfused at constant flow of 8-10 mL/min to obtain a basal perfusion pressure of 75-90 mmHg. Either vehicle or L-NAME (10 -4 M) was added to the perfusate. Perfusate was collected under basal perfusion (usually 5-10 minutes after perfusion started) and again 20 minutes after L-NAME was added, when a stable perfusion pressure was usually obtained. To determine whether perfusion pressure has an effect on release of 20-HETE, L-NA (5 × 10 -5 M) was substituted for L-NAME in Wistar rats. After 10 minutes, renal perfusion pressure was elevated to 175-200 mmHg with phenylephrine (1-2 × 10 -7 M for L-NA-treated kidneys and 7.5 × 10 -7 M for control kidneys).
After total lipid extraction of 10 mL of perfusate with ethyl acetate, reverse-phase HPLC separation of eicosanoids was carried out using a 1050A system from Hewlett Packard (Palo Alto, California, USA). HPLC fractions were collected every minute, and separate fractions containing HETEs (especially 19-HETE and 20-HETE), which eluted at 6.5-7.1 minutes, were collected for quantitation by selected ion monitoring and negative chemical ionization-GC/MS (NCI-GC/MS) as we described previously (29) . Selected ion monitoring was used to record ion abundancies using a mass spectrometer (HP 5989A) at m/z 391 and 393, which correspond to endogenous 20-HETE and the internal standard, respectively.
Immunodetection of CYP4A. The immunodetection procedure was performed according to a protocol provided by Amersham International. The method uses an antirat CYP4A primary antibody raised in sheep that binds specifically to the immobilized CYP4A isoenzyme. The isoenzyme, localized to renal microsomes (prepared as described herein), was immobilized on nitrocellulose membranes. Electrophoretic separation (SDS-PAGE) was done using a Mini-PROTEAN II dual slab cell (BioRad Laboratories Inc.), followed by transfer to nitrocellulose membranes. Immunodetection consisted of using the primary antibody to CYP4A isoenzyme, a biotinylated secondary antibody (anti-sheep Ig), a streptavidin horseradish peroxidase conjugate, and enhanced chemiluminescence Western blotting detection reagents. As positive control, liver microsomes from clofibrate-treated rats were used. Autoradiographs were quantitated by densitometric scanning using SigmaScan software (Jandel Scientific Software, Palo Alto, California, USA).
Statistical analysis. All data are expressed as mean ± SEM, and were analyzed using ANOVA followed by the Newman-Keuls test when appropriate. In other cases, the Student's t test for unpaired data was used to determine significant difference between control and treated groups. In all cases, P < 0.05 was regarded as significant.
Results
Effects of sodium nitroprusside on AA metabolism. Renal microsomes from control rats incubated with [ 14 C]AA in the presence of NADPH (1 mM) and indomethacin (10 µM) produced HETEs, DHTs (diols), and EETs (epoxides) with retention times of 10.5-11.2 minutes, 8.5-9.3 minutes, and 15.2-16.3 minutes, respectively (Figure 1 ). Because DHTs are hydration products of EETs, the amounts of both compounds were pooled to quantify total epoxygenase metabolites of AA.
Control (10-100 µM) , an NO donor, inhibited renal microsomal production of HETEs and epoxygenase metabolites (expressed as percent of control) in a dose-dependent manner (Figure 2) . The maximal inhibitory concentrations of sodium nitroprusside for both groups of metabolites were similar, but threshold inhibitory concentrations differed. Thus, in renal microsomes incubated with the lowest concentration of sodium nitroprusside (10 µM), production of HETEs was slightly but significantly reduced to 84 ± 7% (P < 0.05) of control, in contrast to a marked reduction in the production of DHTs and EETs (50 ± 3%; P < 0.01). At the highest concentration used (100 µM), sodium nitroprusside reduced the production of both groups of metabolites to the same extent: production of HETEs was reduced to 26 ± 7% (P < 0.01) of control, and that of DHTs and EETs was reduced to 30 ± 6% (P < 0.01) of control (Figure 2) . In contrast to the marked inhibition produced by sodium nitroprusside, 100 µM 8BrcGMP (the cell-permeable analogue of cGMP, the second messenger of NO), had no effect on the production of either of these groups of CYP-AA metabolites. (Figure 2 ).
Figure 1
Representative reverse-phase HPLC chromatograms of [ 14 C]AA metabolites formed by renal microsomes in untreated control rats (top) and rats treated with L-NAME or NaCl only (middle) or L-NAME and 2% NaCl (bottom).
Effects of L-NAME on renal microsomal CYP-AA metabolism.
Because sodium nitroprusside, an NO donor, inhibited the production of HETEs, DHTs, and EETs (Figure 2) , these experiments were designed to examine the role of endogenous NO on CYP-AA metabolism by inhibiting its synthesis. The results of these experiments are presented in Table 1 and Figure 3 . In microsomes prepared from rats treated with L-NAME for 10 days, total CYP-AA enzyme activity was 0.36 ± 0.06 nmol/mg protein per 30 minutes (HETEs: 0.34 ± 0.04; EETs: 0.02 ± 0.01), compared with a value of 0.26 ± 0.04 nmol/mg protein per 30 minutes (HETEs: 0.24 ± 0.03; EETs: 0.02 ± 0.01) in rats from littermates not treated with L-NAME. After 10 days of treatment with L-NAME, conversion of AA to HETEs increased from 29 ± 3% to 38 ± 4% (n = 5; P < 0.05) in microsomes from control rats (n = 5), whereas conversion of AA to DHTs and EETs was unaffected. Rats treated with L-NAME developed hypertension as systolic blood pressure rose to 183 ± 9 mmHg, compared with 118 ± 4 mmHg in control rats. In microsomes prepared from rats treated with 2% NaCl for 7 days (n = 5), conversion of AA to DHTs and EETs was markedly enhanced, as expected (17 ± 2%; P < 0.01), increasing more than 8-fold from 2 ± 1% in microsomes from control rats that received tap water (n = 5) (Figure 3 ). In contrast, conversion of HETEs was not changed significantly by treatment with 2% NaCl (22 ± 4% vs. 28 ± 3% in controls; n = 5). However, in rats that received both 2% NaCl and L-NAME (n = 5), there was a dramatic reduction in AA conversion to HETEs, from 22 ± 4% to 11 ± 1% (P < 0.05); total conversion of AA to DHTs and EETs was unchanged (2% NaCl alone: 17 ± 2%; L-NAME + 2% NaCl: 17 ± 2%) (Figure 3) .
In Table 1 , cortical and medullary microsomal conversion of [ 14 C]AA to HETEs and EETs is expressed in terms of specific activity (pmol/mg protein per 30 minutes). Under control conditions, cortical microsomes exhibited a greater capacity to convert AA to HETEs and EETs than did medullary microsomes. Microsomes from each zone demonstrated increased capacity of CYP enzymes to convert AA to EETs and HETEs after inhibition of NO synthesis by L-NAME. The inclusion of 2% NaCl in drinking water for 10 days greatly elevated conversion of AA to EETs, whereas it reduced the capacity of cortical microsomes to convert AA to HETEs. This capacity underwent a further decline when L-NAME was given along with 2% NaCl. Combined treatment with L-NAME and 2% NaCl also depressed the capacity of medullary microsomes to convert AA to HETEs. However, L-NAME and 2% NaCl given together did not affect the ability of either cortical or medullary microsomes to convert [ 14 C]AA to EETs; this capacity remained high and similar to that produced by NaCl treatment alone. Figure 1 shows the HPLC chromatograms depicting the effects of either L-NAME or 2% NaCl on CYP-dependent AA metabolism. The HETE fractions were subjected to GC/MS analysis to evaluate the profile of the HETEs produced in microsomes after L-NAME treatment. The increase in production of HETEs after inhibition of NO production was selective for 20-HETE -none of the subterminal HETEs (16-, 17-, 18-, and 19-HETE) were detected by selected ion monitoring and NCI-GC/MS.
Effect of L-NAME on the expression of CYP4A protein. As shown in Figure 4 , Western blot analysis indicates that CYP4A protein (mol wt: 51 kDa) is constitutively expressed in renal microsomes of control rats (lanes 2 and 3), and is inducible in liver microsomes from clofibrate-treated rats (positive control, lane 1). In microsomes from rats treated with L-NAME for 10 days (lanes 4, 5, and 6), the expression of CYP4A protein increased by 39 ± 5% (P < 0.05), increasing the blot density from
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Figure 2
Concentration-dependent inhibition by sodium nitroprusside of production of HETEs, DHTs, and EETs in rat renal microsomes. Microsomes (300 µg) were incubated with NADPH (1 mM) and indomethacin (10 µM) in the presence or absence of sodium nitroprusside (10 µM, 30 µM, and 100 µM) or 8BrcGMP (100 µM) for 30 minutes at 37°C. Metabolites were analyzed by HPLC. Control enzyme activity was 0.29 ± 0.04 nmol/mg protein per 30 minutes. Results are presented as mean ± SEM; n = 5 separate experiments (n = 3 for 8BrcGMP). *P < 0.05, **P < 0.01. NP, sodium nitroprusside.
Figure 3
Effect of L-NAME on conversion of [ 14 C]AA to HETEs, DHTs, and EETs. Microsomes from control rats and rats treated with L-NAME and/or 2% NaCl were incubated with [ 14 C]AA in the presence of NADPH and indomethacin. Values are mean ± SEM obtained from renal microsomes prepared from 5 rats. CYP enzyme activity in rats treated with L-NAME was 0.36 ± 0.06 nmol/mg protein per 30 minutes. *P < 0.05 vs. control.
(180 ± 55) × 10 3 intensity units (control) to (294 ± 39) × 10 3 intensity units in rats that received L-NAME treatment (4b), an increase in protein that corresponds to the 30% increase in AA conversion to HETEs (Figure 3) . Effect of L-NAME and L-NA on endogenous production of 20-HETE in perfused rat kidney. In kidneys obtained from Sprague-Dawley rats treated with L-NAME (10 -4 M), perfusion pressure increased from 96 ± 6 mmHg to 143 ± 10 mmHg. Efflux of 20-HETE increased 4-fold, to 3.6 ± 0.7 ng/min from a basal (control) value of 0.9 ± 0.5 ng/min. To address the effect of increased perfusion pressure on renal 20-HETE release independently of inhibition of NO formation, perfusion pressure was elevated to similar values in L-NA-treated (5 × 10 -5 M; n = 5) kidneys obtained from Wistar rats. In the presence of L-NA, the concentration of phenylephrine that was required to elevate perfusion pressure from 87 ± 2 mmHg (control; n = 5) to 214 ± 8 mmHg was several-fold less (2-4 × 10 -7 M) than that required to elevate perfusion pressure (200 ± 3 mmHg) in control kidneys (7.5 × 10 -7 M). The release of 20-HETE from kidneys treated with L-NA was approximately 4-fold greater than that from untreated kidneys (1.42 ± 0.30 ng/min vs. 0.33 ± 0.13 ng/min, respectively; Figure 5 ) at equivalent perfusion pressures.
Discussion
NO plays a pivotal role in directing the metabolism of AA, not only by COX but also by CYP. NO interacts with COX, usually stimulating its activity to increase the formation of prostanoids (5, 6) . The inducible form of NOS (iNOS) has been implicated in many of the features of endotoxin shock and has provided an explanation for the associated impairment in liver metabolism of xenobiotics (9) produced by immunostimulants, because NO inhibits CYP enzymes. These findings are supported by reports that NO donors inhibit the CYP-dependent renal vasodilator effect of AA in the rat (30) , presumably by suppressing formation of EETs. The capacity of NO to inhibit 20-HETE generation by ω-hydroxylases is a major component in the renal vasodilator response to NO (10); it accomplishes this by removing the tonic inhibitory effect of 20-HETE on calcium-activated potassium channels in renal arterioles (11) .
The importance of NO modulation of 20-HETE synthesis to renal function was evident in the depression of renal hemodynamics and altered sodium excretion produced by disinhibiting 20-HETE formation in response to suppression of NO synthesis by L-NAME (23) . The essential findings of this study, that renal microsomal CYP-dependent AA metabolism is enhanced by inhibition of NO synthesis (Table 1) , is in accord with our in vivo and in vitro studies. The importance of NO-CYP interactions to renal function is evident when considering modulation of tubuloglomerular feedback, which acts as "both sensor and effector of total salt and volume homeostasis" (31) . In response to increased NaCl intake, generation of NO is enhanced (32) , and production of vasoconstrictor 20-HETE by the afferent glomerular arteriole is suppressed (11) . Tubuloglomerular feedback is blunted, i.e., NaCl delivery to the nephron is increased. Contrary to this, when NO synthesis is reduced by decreased dietary salt, tubuloglomerular feedback is potentiated as 20-HETE production is increased in the effector unit, the afferent arteriole.
We evaluated the effects of NO on CYP enzyme activity in the rat kidney with NO donors and inhibitors of NOS in order to modify CYP-dependent AA metabolism. We verified that NO inhibited CYP, and then addressed Enzyme activity is expressed as specific activity in pmol/mg protein/30 min. A P < 0.05, B P < 0.01 L-NAME versus Control or NaCl versus Control or L-NAME+NaCl versus L-NAME. C P < 0.05 Medulla versus Cortex. [ 14 C]AA metabolism in renal microsomes obtained from untreated rats (Control; n = 5) or those treated with L-NAME (70 mg/kg orally for 10 days; L-NAME, n = 5), 2% NaCl in drinking water for 7 days (NaCl; n = 5) or combined treatment with L-NAME and 2% NaCl (LNAME+NaCl; n = 5). the effects of inhibition of NOS both in vivo and in vitro on the generation of CYP-AA metabolites. We established that NO tonically inhibits ωhydroxylase based on these observations: (a) sodium nitroprusside dosedependently inhibited conversion of exogenous AA to HETEs by renal microsomes; (b) treatment of rats with L-NAME to inhibit synthesis of NO resulted in an increased capacity to convert AA to the HETEs (Table 1) associated with increased expression of CYP4A protein ( Figure 3) ; and (c) treatment of the isolated rat kidney with either L-NA or L-NAME increased efflux of 20-HETE several-fold (Figure 4 ). These observations are consistent with a tonic inhibitory effect by NO on both activity and expression of ω-hydroxylase. As shown in Figure 2 and as recently reported by Alonso-Galicia et al. (10) , the NO donor sodium nitroprusside concentration-dependently inhibited conversion of AA by CYP enzymes, an effect that was unrelated to the ability of NO to stimulate guanylate cyclase (inasmuch as 8BrcGMP had no effect) (Figure 2) . In experiments designed to demonstrate that inhibition of NO synthesis increased CYP-dependent AA product formation, chronic administration of L-NAME increased the capacity of renal microsomes to produce CYP-AA metabolites. Production of HETEs was increased to a greater degree in cortical than in medullary microsomes ( Table 1) . Suppression of CYP-AA metabolism by NO may not be solely the result of a direct interaction of NO with CYP, because chronic inhibition of NO synthesis increased the expression of the CYP4A protein (Figure 3 ), indicating that NO acts at more than 1 site in the CYP pathway -perhaps at a transcription site, as reported for NO-mediated inhibition of mitogenesis and proliferation in vascular smooth muscle (33) .
Our findings that renal microsomal epoxygenase activity is enhanced more than 10-fold in response to increased intake of NaCl in the drinking water confirm the important study of Makita et al. (27) . Moreover, inhibition of epoxygenase led to elevated blood pressure in rats, suggesting that deficient EET production, particularly 5,6 EET can result in salt-sensitive hypertension (27) . In contrast to enhancement of epoxygenase activity by high salt intake, HETE production by cortical microsomes was diminished, a finding in agreement with the study of Stec et al. (34) .
The capacity of the cortex to metabolize AA with CYP enzymes (Table 1) exceeded that of the medulla, largely because of the heavy concentration of ω-hydroxylase and ω-1-hydroxylase activity in the predominant tubular segment (the proximal tubule) in this renal zone (35) . Furthermore, the cortical vasculature, particularly preglomerular blood vessels, possesses a high capacity to generate 20-HETE (36, 37) . These differences are reflected in the greater capacity of cortical as compared with medullary microsomes to transform AA to HETEs (Table 1) . In response to 2% NaCl, conversion of AA by ω-hydroxylase to HETEs in medullary microsomes was unaffected, whereas it was decreased in cortical microsomes, as noted. On the other hand, in rats with a high intake of NaCl, the addition of L-NAME inhibited AA conversion to HETEs, an effect that was striking in cortical microsomes, with HETE production falling by more than 70%. Decreased 20-HETE synthesis in response to combined administration of high NaCl and L-NAME may reflect dissociation between renal sites of major activity of the hydroxylases (ω-hydroxylases and ω-1-hydroxylases) and NO synthases. NOS activity is highest in the medulla (38) , whereas CYP activity is highest in the cortex (Table 1 ). All NOS isoforms -neural, inducible, and endothelial -are found in the renal medulla (39) . Moreover, medullary nNOS is involved in control of blood pressure, particularly in response to high NaCl intake (40) . The inhibitory activity of NO (and the effects of its removal) on CYP AA metabolism should depend on the ratio of activities of epoxygenases and ω-hydroxylases to NOS in cortical vs. medullary microsomes. Results in Table 1 are consistent with this interpretation, because percent increases of medullary microsomal conversion of AA to HETEs and EETs are elevated over the levels reached in cortical microsomes in response to either L-NAME or L-NAME with 2% NaCl. However, answers to questions raised by the adverse effects on HETE production caused by combined L-NAME and 2% NaCl should be based on direct measurements by GC/MS of CYP-derived AA products from endogenous sources of AA, thereby avoiding concerns regarding limits on the availability of [ 14 C]AA.
In the whole organ (the isolated perfused rat kidney), inhibition of NO synthesis with either L-NA or L-NAME increased the release of 20-HETE into the renal effluent. These results are consistent with the elimination of the inhibitory influence of NO on ω-hydroxylase activity, and are in agreement with the data obtained from microsomes
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Figure 5
Concentration of 20-HETE in renal effluents collected after addition of phenylephrine (PE; 7.5 × 10 -7 M) alone (L-NA-) or after combined addition of phenylephrine (2-4 × 10 -7 M) and L-NA (5 × 10 -5 M) to Krebs buffer perfusing isolated kidneys of Wistar rats. Perfusates collected were subjected to HPLC fractionation and quantified by GC/MS analysis as described in Methods. Data are presented as mean ± SEM. *P < 0.05 vs. L-NA-. PP, perfusion pressure after addition of PE with (+) or without (-) L-NA added to the perfusate.
